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Professional development workshops are one of the primary mechanisms used to help faculty
improve their teaching, and draw in many STEM instructors every year. Although workshops
serve a critical role in changing instructional practices within our community, we rarely assess
workshops through careful consideration of how they engage faculty. Initial evidence suggests that
workshop leaders often overlook central tenets of education research that are well-established in
classroom contexts, such as the role of interactivity in enabling student learning1. As such, there
is a need to develop more robust, evidence-based models of how best to support faculty learning
in professional development contexts, and to actively support workshop leaders in relating their
design decisions to familiar ideas from other educational contexts. In response to these needs, we
have developed an observation tool, the Real-Time Professional Development Observation Tool (R-
PDOT), to document the form and focus of faculty’s engagement during workshops. In this paper,
we describe the motivation and methodological considerations behind the development of the R-
PDOT, justify our decisions to highlight particular aspects of workshop sessions, and demonstrate
how the R-PDOT can be used to analyze three sessions from the Physics and Astronomy New
Faculty Workshop. We also justify the accessibility and potential utility of the R-PDOT output
as a reflective tool using preliminary data from interviews with workshop leaders, and consider the
roles the R-PDOT could play in supporting future research on faculty professional development.
PACS numbers: 01.40.Fk,01.40.G-,01.40.Ha,01.40.J-
I. INTRODUCTION
There is a general consensus among national policy
makers and education researchers that undergraduate
STEM instruction can be improved through closer align-
ment between faculty’s teaching and education research
principles and findings2,3. For many faculty, the eas-
iest and most efficient path towards this alignment is
to adopt or adapt existing research-based instructional
strategies (RBIS) in their classrooms. Consistent with
this idea, many faculty professional development (PD)
efforts—particularly efforts led by the discipline-based
education research community—have focused on dissem-
inating RBIS4 and have been successful to an extent,
yet we rarely critically examine these efforts to under-
stand what contributes to these successes and how we
could improve. For example, prior research has shown
that physics faculty are more likely to be aware of and
experiment with RBIS in their classrooms after attend-
ing the Physics and Astronomy New Faculty Workshop,
but that many faculty find it difficult to persist in us-
ing these strategies over time5,6. This lack of persistence
could indicate both a need for long-term support and
ways in which existing short-term efforts do not address
faculty’s needs and concerns. Scientific society leaders
in biology, chemistry, mathematics, geoscience, and engi-
neering all sponsor well-attended, discipline-specific fac-
ulty workshops akin to the New Faculty Workshop7, and
encounter similar limitations and successes8–11.
No in situ research has been conducted to directly in-
vestigate what occurs during faculty PD workshops like
these large national workshops, or—to our knowledge—
local, small, and/or non-discipline-specific workshops.
Because of this, PD leaders have neither concrete evi-
dence of what specific PD experiences could lead to spe-
cific outcomes12, nor tools to help them justify and com-
municate about their design decisions in robust and con-
sistent ways. Moreover, reports and informal evidence
suggest that workshop leaders often rely on lecture to dis-
seminate ideas about teaching with minimal participant
contributions13, which leads us to think that workshops
could be improved through careful consideration of how
alternative, more engaging design choices might produce
more desirable shifts in faculty’s thinking, practice, or
participation in ongoing PD14–19.
Despite the lack of in situ observation and analysis
of workshops, prior research can lend some insight into
what could be contributing to the limitations of work-
shops (beyond time constraints), and what could be done
to address this. Looking across 191 published approaches
to faculty PD in STEM, Henderson et al. 4 find that fac-
ulty change efforts typically fall into one of four cate-
gories: disseminating curriculum and pedagogy, enact-
ing policy, developing reflective teachers, and developing
shared vision. These categories are distinguished from
each other by whether they target prescriptive or emer-
gent outcomes, and whether they target individuals or
groups. Workshops naturally fall into the prescriptive,
individually-focused “dissemination” category, and often
encourage faculty to adopt strategies as-is. However,
many faculty often want or need to modify RBIS to fit
their local contexts, which is not well-addressed by a one-
2way communication model. Compounding this problem,
highly prescriptive professional development may make it
difficult for faculty to feel that their experiences and in-
sights matter, which could limit their future engagement
with education research communities20. These shortcom-
ings of the disseminating curriculum and pedagogy ap-
proach are well-addressed by the change strategies of de-
veloping shared vision or reflective practice. These ap-
proaches to PD, which are more focused on emergent
outcomes, are likely critical to faculty’s thoughtful adap-
tation and sustained use of RBIS. Although the four
change strategies defined by Henderson et al. 4 tend to
be fairly siloed, we think that workshops could support
emergent outcomes by engaging faculty in the kinds of
reflection around instruction we would want them to en-
gage in when they teach, and by explicitly helping faculty
to identify ways to engage with communities of educators
at their home institutions.
In order to support the exploration and analysis of
various approaches to PD workshop design and imple-
mentation, we have developed an observation tool, the
Real-time Professional Development Observation Tool
(R-PDOT), which can broadly document what faculty
experience when they attend PD workshops. In this pa-
per, we discuss the development of and intentions behind
the R-PDOT and demonstrate how its output can be
used to reflect on workshop design. The structure of our
paper is as follows. In Section II we describe the theoreti-
cal framework that underlies this work. In Section III, we
overview research on reflective teaching discussions that
informs the structure of and PD elements captured by the
R-PDOT. In Section IV, we define and justify the specific
descriptive codes that comprise the R-PDOT. In Section
V, we consider the accessibility of the R-PDOT, including
our methods for refining and using the R-PDOT codes,
establishing inter-rater reliability, and visualizing data.
In Section VI, we analyze R-PDOT data from three ses-
sions of the Physics and Astronomy New Faculty Work-
shop in order to demonstrate how the R-PDOT data can
provide a basis for hypothesizing what kinds of faculty
outcomes these different designs might support. In Sec-
tion VII, we elaborate on the potential implications of
trends we noticed by using the R-PDOT in the Physics
and Astronomy New Faculty Workshop, and show pre-
liminary evidence that the R-PDOT data can support
workshop leaders in noticing similar key features during
discussions about workshop design. We conclude in Sec-
tion VIII by considering how this research could enable
members of the education research community to engage
in critical conversations about workshop design, and how
the R-PDOT could enable future researchers to generate
and pursue new research questions about PD.
II. THEORETICAL APPROACH
Broadly speaking, we take a Vygotskian stance that
different ways of thinking, seeing, and knowing would
likely appear first in distributed form, i.e., in interac-
tions with others, and then internalized by individuals
(and transformed in the process). These interactions can
provide the opportunity for a diversity of ideas to be
contested, compared, and developed in ways that build
meaning and allow individuals to begin to take up per-
spectives that may have been different from their initial
ideas. This theoretical approach is broadly applicable
to all learners, be it students, K-12 teachers, faculty, or
workshop leaders.
It would be difficult to meet many learners—with a
diversity of incoming knowledge and experiences—where
they are at through a one-size-fits-all communication ap-
proach, like lecture. It is well-recognized within the ed-
ucation research community that active engagement is
a positive attribute of classroom teaching, as demon-
strated by the vast number of studies within undergradu-
ate STEM education linking increased active engagement
to outcomes such as higher student conceptual gains and
decreased failure rates1. The positive impacts of ac-
tive learning have also been demonstrated within teacher
PD, where increased active engagement within PD is
strongly correlated with greater improvements in teacher
practice17. Though similar empirical evidence does not
yet exist in higher education PD, we assume the benefits
of active engagement extend to faculty learning.
We recognize that the construct active engagement is
too vague to fully inform the delineation of different types
of engagement: both researchers and instructors use this
term to refer to a wide variety student interactions and
behaviors21, and some of these are may be more or less
valuable for learners. From a Vygotskian perspective, the
forms of faculty interactions are consequential to what
faculty would learn from these experiences. In consider-
ing the form of faculty’s interactions, we instead rely on
research surrounding participant structures, namely, the
“configurations of interactional rights and responsibili-
ties that arise within particular activities”22,23. Whereas
researchers often do not distinguish between variations
in types of active engagement, well-defined variations
within participant structures have been extensively ex-
plored within the literature22,24–28. We revisit this liter-
ature when describing the specific form of the R-PDOT
in Section IV.
III. BACKGROUND LITERATURE
We intend the R-PDOT to capture a range of prescrip-
tive to emergent intended faculty PD outcomes. In creat-
ing the tool, we recognize that a variety of PD goals exist,
from straightforward goals of raising faculty’s awareness
of what resources and materials exist, to more ambitious
goals of improving faculty’s abilities to notice student
thinking, reflect on their instruction, and engage in fu-
ture collaborative discussions around instruction. We re-
late these more ambitious goals to emergent outcomes, in
that the final form of faculty’s instruction is not predeter-
3mined. We consider awareness-level goals to be easy for
workshop leaders to achieve through a variety of mech-
anisms, including lecture, and therefore do not explore
this approach in depth in this background section. In
contrast, for more ambitious goals that target emergent
outcomes, different kinds of faculty engagement are likely
needed, and the form of faculty’s interactions matter for
what they take away from workshop experiences. We use
this background section to explore some PD characteris-
tics that could support ambitious outcomes.
Faculty PD studies are arguably the most relevant to
understanding faculty’s learning about teaching. Be-
cause the participant characteristics in these studies
mostly closely match the characteristics of our target
population, the claims we make that draw directly from
this literature are likely the most robust. Faculty’s teach-
ing is often constrained by a variety of factors, including
departmental organizational structures, college accred-
itation, and competing expectations of research excel-
lence, which are not at play in K-12 settings. However,
there are goals of faculty PD that significantly overlap
with K-12 teacher PD goals, and the endeavor of teach-
ing is fundamentally similar in many ways across un-
dergraduate and K-12 teaching. Both faculty and K-12
teachers likely have routines of practice informed by their
prior teaching experiences, and therefore would likely
face some common struggles in shifting their thinking
and practice, such as learning how to listen to and fos-
ter students’ potentially productive disciplinary ideas in-
stead of expecting to “fix” or replace students’ wrong
ideas through lecture. In addition, K-12 teacher PD re-
searchers have made strides in areas that faculty PD re-
searchers have not: for instance, in constructing claims
about the nature of instructors’ conversations about
teaching and what PD activities are often linked to shifts
in instruction. While future research that examines fac-
ulty’s interactions directly would strengthen our claims
(since differences between faculty and K-12 teacher’s in-
coming knowledge and preparation may necessitate addi-
tional or different support structures to produce similarly
productive interactions), currently, the synthesis of this
range of literature best allows us to elaborate on how and
why certain PD outcomes could reasonably be linked to
specific workshop activities.
This literature also informs how we think about sup-
porting workshop leaders in improving their PD practice,
which is the overarching goal of creating this workshop
observation tool. Analogous to how PD aims to sup-
port teachers in fostering student learning in new ways,
we aim to support workshop leaders in fostering faculty
learning in new ways. Because there is no prior research
about how workshop leaders develop their ideas about
how to design and implement PD, our tool design deci-
sions are often directly influenced by the literature ref-
erenced above (without additional comparisons to liter-
ature about workshop leaders’ learning or interactions).
We suggest that there are sufficiently strong similarities
between workshop leaders, faculty, and K-12 teachers,
both in the ways they could develop new ways of thinking
and noticing through structured discussions with others,
and in the ways they could act as facilitators in formal,
classroom-like settings, to justify drawing from faculty
and K-12 teacher PD research when we consider how to
support workshop leaders’ thinking about workshop de-
sign.
Because we consider reflective discussion around exam-
ples of instruction to be a central mechanism for gener-
ating new ways of thinking and knowing for teachers (in
this case, faculty and workshop leaders), we begin by re-
viewing relevant faculty and K-12 teacher PD literature
on this topic in the following section.
A. Overview: Cultivating Reflective Discussion
Here, we review faculty and K-12 teacher PD litera-
ture that illuminates the potential impacts of reflective
discussions about instruction and the supports that seem
necessary for these conversations to be productive. As
mentioned above, the literature on reflective teacher dis-
cussions influences the development of our observation
tool in two important ways: (1) it informs specific as-
pects of effective faculty PD that we choose to capture
with the R-PDOT (described in more detail in IV); and
(2) it informs the overall form of the R-PDOT, as we in-
tend the tool to serve as an effective vehicle for reflective
discussion and debate among workshop leaders.
In both of these cases, reflective discussion can be
a critical part of improving instructional practice and
preparing instructors for future learning. Yet it would be
na¨ıve to encourage any discussions about instruction and
expect consistently desirable outcomes. Not all reflection
is equally valuable; instead, the form of teacher reflection
matters for the degree of resultant instructional improve-
ment. It is all too common for teacher reflection to be
insufficiently structured and poorly supported29,30. For
example, faculty peer observations of teaching often focus
on superficial tips and tricks that are unlikely to improve
student outcomes in a significant way even if taken up
by faculty31. These observations often do not challenge
faculty’s initial notions of what constitutes effective peer
review, and lack concrete examples or other information
that could help faculty to operationalize overly general
guidelines30. Similarly, without guidance, pre-service K-
12 teachers often struggle to produce written reflections
that adequately prepare them to change aspects of their
practice, focusing only on what occurred in the classroom
but not why it may have occurred or what lessons they
might take away from that experience32. All of these
minimally useful observations tend to be highly unstruc-
tured, where we use the term structures to denote both
verbal and written scaffolding that can direct teachers to
assess certain aspects of instruction or student engage-
ment.
In the other extreme, if support structures are per-
ceived as too evaluative or judgmental, the likelihood of
4instructional change can decrease. Specifically, rubric-
based observation tools (though helpful in some ways)
can create significant barriers to promoting thoughtful
reflection and encouraging self-motivated improvement
due to their evaluative nature. Teacher resistance to
this evaluation is justifiable. At the K-12 level, rubrics
are often used for formal teacher assessment rather than
for reflective self-improvement, and the outcomes con-
tribute to decisions about career advancement or set-
backs. Observers’ assessments may be less consistent
in practice than anticipated by the designers, different
rubrics may yield different assessments of teaching qual-
ity for the same class, and there is often significant vari-
ation in scores from class-to-class for individual teach-
ers, yet high-stakes assessments are sometimes based on
only one observation33–35. Even at the college level,
where the stakes are typically quite low, the highly crit-
ical feedback that is associated with the implementation
of these rubrics often shuts down conversations with in-
structors and makes them less willing to engage in PD ef-
forts instead of sparking productive conversations around
teaching30,36.
B. Structures for cultivating reflective discussions
In order to identify some key features that can support
both critical and transformative reflections on teaching,
here we consider prior research that shows evidence of
effective support structures. Many prior studies have
demonstrated that teachers can improve when guided to
reflect in ways that help them to identify meaningful as-
pects of their practice to change or maintain32,35,37–43,
and these reflective PD efforts have common elements
that motivate the design of our observation tool.
In particular, we find that Aubusson et al. 32 provide
useful terminology that allows us to articulate what kinds
of scaffolding can encourage reflection that leads to pro-
ductive changes to instruction. The authors investigate
how pre-service teachers learn to become reflective and
what supports them in doing so, and conclude that a
focus on contextual anchors—specific teacher practices
that are observed first-hand (as the instructor) or by
watching others—was critical for making the pre-service
teacher’s reflections generative for their future instruc-
tion. They also posit that a focus on conceptual an-
chors—direct connections to education research theory—
may be equally important in strengthening teacher reflec-
tion. In other words, Aubusson et al. 32 show that when
teachers are able to leverage both observed student be-
haviors and prior education research when reflecting on
instruction, they are able to take next steps that improve
their teaching and their students’ outcomes.
Other studies in K-12 teacher PD corroborate Aubus-
son et al. 32 ’s claims. Horn and Little 44 find that teacher
conversations that routinely focus on specific problems
encountered in teaching and connect these specific ex-
amples to general principles of teaching and learning are
more likely to generate viable solutions than conversa-
tions that do not. van Es and Sherin 45,46 take a similar
stance by defining the ability to connect teaching events
to general principles as one of the three key features of
teacher noticing, and subsequently show that teachers
improve their practice as they become more adept at
noticing47,48. In addition to the similarities in what in-
dividual reflective practices were developed across these
studies, we also note here that all of these studies cen-
trally involve discussion with other instructors, and con-
sider this to be an important piece of how teachers’ abil-
ities develop over time.
We can use these ideas to see connections between
other studies that involve similar PD elements but do
not provide such detailed, mechanistic explanations for
their successes. For one, many reflective PD efforts are
facilitated by knowledgeable coaches who offer feedback
to instructors, and they attribute much of the positive
shifts in faculty’s attitudes, instruction, and/or student
outcomes to this facilitation37,40–43. Although PD re-
searchers are often not explicit about what is discussed
during instructor-facilitator consultations, it is highly
likely that the facilitators, who are sometimes the re-
searchers themselves, are making connections between
instructors’ current practices and education research the-
ory, and using these connections to centrally inform how
they guide instructors to reflect. Moreover, an argu-
ment for the importance of finding contextual anchors
is consistent with an argument for the importance of
teachers and PD facilitators gaining shared knowledge
of classroom events, which occurs in many reflective PD
efforts37,41–43. In other words, when facilitators learn
about how instruction plays out by conducting classroom
observations, they are better able to help faculty identify
both contextual and conceptual anchors, which together
can be used to inform highly productive changes to fac-
ulty’s instruction.
Structured observation tools or protocols can further
enable productive discussions around instruction by pro-
viding a guide for the observer as they decide what writ-
ten and verbal feedback to supply, and a way for the
teacher being observed to independently recall key as-
pects of what occurred in their class based on what
is written down, rated, and/or tallied. Rubric-based
observation protocols set evaluation criteria that are
supported by education research theory, and therefore
can encourage both highly experienced and new edu-
cators to make connections between classroom events
and theoretical ideas35,38,39. For example, in MacIsaac
et al. 39 ’s study, pre-service and inservice teachers used
the Reformed-Teaching Observation Protocol (RTOP)49
to analyze teaching segments, and became better able
to articulate what about their teaching should shift and
why. The authors argue that much of this improvement
can be attributed to the teachers becoming familiar with
the RTOP items and better able to relate them to how
science students were engaged during real events. Simi-
larly, Morrell and Schepige 38 explicitly take up Aubusson
5et al. 32 ’s framework and show evidence that their rubric-
based observation protocol, the Oregon Teacher Obser-
vation Protocol (OTOP)50, enabled pre-service teachers
to identify conceptual and contextual anchors and led to
focused, productive reflection on instruction.
As mentioned at the start of Section III, parallels ex-
ist between workshop and classroom contexts that lead
us to consider how workshop leaders make decisions as
educators. Just as classroom educators must balance
many constraints and define goals as they decide how to
guide students to engage with disciplinary practices and
ideas, workshop leaders must navigate their constraints
and choose among potential goals as they design work-
shop sessions for faculty. Thus, the same attributes that
characterize productive reflection on classroom instruc-
tion should inform how we support workshop leaders’ re-
flection on workshop sessions. When it comes to improv-
ing workshop leaders’ abilities to reflect, we think that
a descriptive (non-rubric-based) observation tool has the
greatest potential to promote fruitful, reflective discus-
sions that are anchored to both education research the-
ory and workshop session events without creating tension
between workshop leaders and observers.
With descriptive/non-evaluative classroom observa-
tion tools, an observer captures the minute-by-minute
flow of events through a set of codes that describe teacher
and/or student behaviors, but does not assign a spe-
cific score to the class based on the prevalence of these
codes51–53. This is the approach we have chosen for the
R-PDOT. As the creators of the tool, we highlight as-
pects of workshop sessions that we consider to be strongly
connected to key workshop outcomes, and in doing so im-
plicitly create connections to education theory and our
vision for professional development36,54. In particular,
the R-PDOT data helps to portray workshop events in
the way that we see them, similar to the processes of
highlighting and coding that Goodwin 54 defines as es-
sential, often subconscious mechanisms by which people
develop shared vision. In an educational context, van
Es and Sherin 45,46 tie Goodwin 54 ’s general depiction of
developing professional vision to the ways that teachers
learn to notice significant teaching events and connect
them to theory, and we imagine the R-PDOT data func-
tioning similarly here. The R-PDOT codes also employ
language that is likely to bring up foundational aspects of
teacher PD that could facilitate workshop leaders gaining
new insights into their PD practice, as has been argued
of providing rich language for teachers to reflect on their
instruction28,39,55,56.
Despite this implicit guidance, the descriptive nature
of the tool gives workshop leaders agency to interpret the
data in multiple ways and determine their own next steps,
which has been shown to be important for catalyzing pro-
ductive discussions about instruction44. The nature of
the R-PDOT data allows simple visual representations
of results, which can further enable workshop leaders to
make sense of the data for themselves, as we discuss in
Section VB. We note that we are also well-justified in ex-
pecting the R-PDOT to serve as a research tool in future
studies based on the long history of classroom observa-
tion tool use in the context of teacher education research
and assessment33,35,36,56–65.
Many of the aspects of workshop sessions we choose to
foreground with the codes themselves link back to this
same literature about reflective teaching: the codes al-
low a user to differentiate times when faculty could be
engaged in activities that mirror the productive discus-
sions described above from times when faculty are not
deeply immersed in pedagogical discussions. Specifically,
R-PDOT codes can capture when faculty are analyzing
concrete examples of instruction, when connections be-
tween instruction and education research might be ar-
ticulated, and when multiple faculty perspectives might
be voiced, debated, and discussed. We define and justify
these codes in the following section.
IV. TOOL OVERVIEW
Here, we define the descriptive codes that comprise the
R-PDOT and elaborate on why each code was created.
The R-PDOT codes broadly capture the form and fo-
cus of faculty’s engagement during PD workshops, and
encompass most common PD approaches (as discussed
in more detail in Section V). Generally speaking, the R-
PDOT has a similar form and function to classroom ob-
servation tools such as the Classroom Observation Proto-
col for Undergraduate STEM (COPUS)51, the Real-time
Instructor Observation Tool (RIOT)53, and the Teach-
ing Dimensions Observation Protocol (TDOP)52: it al-
lows an observer to collect non-evaluative, quantitative
data about what faculty participants experience during
workshops. An observer can simultaneously capture two
complementary aspects of workshop sessions—the ways
in which faculty participants are engaged and the focus
of their engagement—with two sets of codes, and thus
highlight aspects of workshop sessions that prior research
suggests may lead to particular kinds of outcomes. Each
set of codes is intended to fully span the ways that fac-
ulty are most likely to be engaged or have their attention
focused during workshop sessions.
For practical reasons, the R-PDOT codes are fairly
broad in scope, in the sense that a single code could be
enacted in a variety of ways. By defining the R-PDOT
codes, we necessarily foreground large-scale characteris-
tics of workshop sessions that an observer can quickly
record with reasonable fidelity (as justified in Section V).
In doing so, we lay the groundwork for reflection and
follow-up analysis that targets more nuanced variations.
In general, the prevalence or absence of a particular ses-
sion focus, and the type of faculty engagement paired
with that focus, should inform workshop leaders about
what faculty outcomes are more or less plausible from
a given session. For example, it would be implausible
to expect a workshop session in which a workshop leader
primarily lectures about education research results to im-
6prove faculty’s abilities to write conceptual questions for
their students; whereas a session in which faculty pri-
marily practice writing such questions might. However,
in this second example, the nature of the question-writing
task, the quality of any written scaffolding the work-
shop leader provides, and the exact facilitation moves
the workshop leader employs in the moment will also in-
fluence workshop outcomes, and these are aspects of PD
environments that the R-PDOT is not designed to char-
acterize.
As we describe the codes in this section, we elaborate
on a few significant potential variations within individ-
ual codes in order to encourage readers to think critically
about how each one is enacted. We also note that al-
though we typically consider each code separately in this
section, we also encourage workshop leaders to consider
how codes are combined when assessing real workshop
session design, as we illustrate in Section VI.
A. Type-of-Engagement Codes
The first dimension the R-PDOT allows an observer
to capture is the type of faculty’s engagement during a
workshop session, i.e., whether faculty are listening to
lecture, working independently, engaged in small group
work, or engaged in some sort of large group discussion at
any given time. By drawing attention to the type of en-
gagement within faculty PD workshops and thus enabling
discussions around active engagement in workshops, we
clearly align our tool with the accumulated knowledge
and interests of the discipline-based education research
community. These codes are defined in Table I, and an
extended codebook (with examples) can be found in Ap-
pendix A.
Many classroom observation tools capture aspects of
participant structures that we also target52,53,66–68. One
common delineation in the participant structure-oriented
literature is the distinction between closed and open dis-
cussion22,28,57,69, which has been used explicitly by other
observation tool developers53,68. Closed discussion refers
to instances where a teacher guides students towards a
single, predetermined correct answer, frequently follow-
ing a pattern of I-R-E: teacher initiation, student re-
sponse, and teacher evaluation70–72. While closed discus-
sion has the advantage of ensuring that canonical knowl-
edge is voiced within the classroom, it can be problematic
when used extensively because it positions the teacher as
the sole authority and suppresses students’ agency to ex-
plore, develop, and defend their own ideas21,69,72. In con-
trast, open discussion refers to instances where a teacher
encourages student contributions while withholding their
own evaluation or judgment and often asks questions that
do not have predetermined answers, which supports stu-
dents’ development in ways that closed discussion does
not.
Researchers who have studied classroom discourse have
argued that a well-balanced and well-ordered combina-
tion of different participant structures can improve learn-
ers’ abilities to engage in disciplinary conversations and
other practices outside of formal settings28,73,74. We
share a commitment to the importance of such outcomes
when considering the engagement of any learners, under-
graduate students and faculty alike, which further jus-
tifies our attention to these constructs in creating our
type-of-engagement codes. When it comes to teacher PD
specifically, prior research suggests that it can be pro-
ductive when more experienced or pedagogically knowl-
edgeable teachers position others as having agency in
changing their own instruction instead of prescribing ex-
act solutions44, which underscores the potential value of
open discussion in workshop contexts.
Scott et al. 28 ’s analytical framework for distinguish-
ing between participant structures closely matches our
approach and allows us to articulate key differences be-
tween our type-of-engagement codes, as shown in Table
II. The authors define four classes of communicative ap-
proach using two dimensions: authoritative versus dia-
logic, and non-interactive versus interactive. Authorita-
tive communicative approaches aim to focus participants
on one meaning while dialogic communicative approaches
are open to many points of view; non-interactive commu-
nicative approaches exclude contributions of other peo-
ple while interactive communicative approaches allow the
contributions of multiple people.
Within our codes, non-interactive/authoritative is ex-
emplified by “Workshop Leader Lecture”: a workshop
leader presents a single point of view and faculty partici-
pants are excluded from contributing. We also agree with
Scott et al. 28 that lecture can be dialogic in principle,
meaning that a lecturer could present, compare, and con-
trast participants’ ideas without evaluating them, but we
have found this mode of lecture to be rare within work-
shop settings and therefore assume lecture is authorita-
tive unless an observer notes otherwise. In our table, we
associate “Faculty Participant Independent Work” with
the non-interactive/dialogic communicative approach in-
stead. Here, each faculty participant has freedom to gen-
erate their own ideas and there is typically no opportu-
nity for others to contribute to the development of those
ideas.
Within the interactive/authoritative communicative
approach, “Large Group Closed, Workshop Leader Ques-
tion” maps clearly onto Scott et al. 28 ’s definition, which
encompasses both I-R-E-type questioning and longer
chains of questions where it is evident that the workshop
leader is looking to develop one particular idea and not
others. By our definition, “Large Group Closed, Faculty
Participant Question” differs from “Large Group Closed,
Workshop Leader Question” in that a workshop leader
is answering faculty participant questions instead of the
reverse. Because the workshop leader is positioned in
an authority role, faculty participant questions typically
lead a workshop leader to respond based on their own
thinking, which maintains this participant structure as
we have defined it and establishes the full exchange as
7Table I. Type-of-engagement code names and brief descriptions.
Code name Code description
Workshop Leader Lecture Workshop leader lectures while faculty participants listen.
Large Group Closed,
Faculty Participant Question
Large group closed discussion. Faculty participant(s) question the workshop
leader, and (optionally) the workshop leader answers through lecturing, while
all other participants listen.
Large Group Closed,
Workshop Leader Question
Large group closed discussion. Workshop leader asks non-rhetorical closed
questions, and (optionally) one or more faculty participants respond directly
to the workshop leader21.
Large Group Open Discuss Large group open discussion. Workshop leader and faculty participants
take turns speaking, with the discourse focused on the ideas of faculty
participants21.
Small Group Discuss Faculty participants discuss with each other in small groups.
Faculty Participant Present One or more faculty participants present to all others.
Faculty Participant Independent Work Faculty participants work independently on a task.
Table II. This table locates the R-PDOT type-of-engagement codes within the four classes of communicative approaches—non-
interactive/authoritative, non-interactive/dialogic, interactive/authoritative, and interactive/dialogic—defined in Scott et al. 28 ,
Table 3, p.611. These distinctions are discussed further in the main text.
Authoritative: purpose is to focus participants on
one meaning
Dialogic: open to many points of view
Non-interactive: excludes con-
tributions of other people
Workshop Leader Lecture Faculty Participant Independent Work
Interactive: allows contribu-
tions of more than one person
Large Group Closed, Workshop Leader Question
Large Group Closed, Faculty Participant Question
Faculty Participant Present
Small Group Discuss
Large Group Open Discuss
authoritative. We note that these periods of addressing
faculty participant questions can be minimally interac-
tive.
The dialogic/interactive communicative approach en-
compasses three type-of-engagement codes: “Faculty
Participant Present,” “Small Group Discuss” and “Large
Group Open Discuss”. We again find Scott et al. 28 ’s
approach useful to explain what we see as meaningful
differences between these codes and justify these delin-
eations. Using Scott et al. 28 ’s framework, “Faculty Par-
ticipant Present” represents a low level of interanimation
of ideas : multiple perspectives are simply made available
in the public space when faculty participants present to
the whole group, and there is no opportunity for con-
sensus to be reached or differences understood if faculty
voice conflicting ideas. While it could be sufficient for fac-
ulty to share ideas without discussion or debate, learning
opportunities might also be missed if faculty presentation
is not followed up by a communicative approach that en-
courages comparison. In large group open discussion and
small group discussion, many ideas may be compared,
contrasted, contested, and developed in relation to each
other—a high level of interanimation of ideas. Following
the same reasoning highlighted by Scott et al. 28 ’s frame-
work, “Small Group Discuss” could have both drawbacks
and affordances relative to “Large Group Open Discuss”:
in “Small Group Discuss,” only a limited number of fac-
ulty participants have access to any particular group’s
ideas, but there are likely increased opportunities for each
participant to contribute.
We return to how our real-time application of these
codes compares to Scott et al. 28 ’s intent and methodol-
ogy in Section V.
B. Focus-of-Engagement Codes
1. Defining focus-of-engagement codes
Here we define and justify the second dimension of the
R-PDOT codes: the focus of faculty participants’ en-
gagement. By focus-of-engagement, we mean the topi-
cal focus of the workshop session that faculty are asked
to think about or engage with, e.g., education research
results, abstract descriptions of instructional strategies,
concrete examples of research-based instructional strat-
egy implementation, or the past experiences of people
8within the workshop. Table III contains a complete list
of the focus-of-engagement codes and brief descriptions
of what they encompass. We note that unlike the type-
of-engagement codes, where we expect to be able to cap-
ture the behavior of a majority of faculty participants
with a single code, more than one focus-of-engagement
code can occur simultaneously for faculty—these cate-
gories are not exclusive. (An extended codebook with
examples of each code can be found in Appendix B, and
we discuss our coding methodology further in Section V.)
2. Justifying focus-of-engagement codes
In the remainder of this section, we consider the po-
tential outcomes associated with enacting each focus-of-
engagement code. For simplicity, we do not consider in
depth what type of engagement and activity duration
would plausibly generate these outcomes. However, we
again emphasize that the type of faculty engagement is
likely to be highly consequential to what they learn, and
throughout these codes, we expect the most ambitious
outcomes to emerge if there are extended periods that ex-
emplify a dialogic/interactive communicative approach,
where faculty’s ideas are explored and developed. There-
fore we encourage PD leaders to consider the intersection
of the two R-PDOT dimensions when using this tool to
inform future workshop design, as opposed to consider-
ing the potential value of the workshop foci in isolation
from the extent to which faculty are engaged in making
sense of relevant ideas.
Workshop instructions: A workshop leader’s instruc-
tions have the potential to shape faculty participants’
engagement and learning throughout the session. While
faculty likely bring their own incoming expectations when
they enter a workshop or session, a workshop leader can
intentionally try to cue up certain ideas that might other-
wise be dormant by telling faculty how to approach a par-
ticular workshop task or what they are expected to gain
from attending a particular session. Hammer et al. 75
describe the general process by which people relate their
current situation to familiar past experiences as framing
or resource activation, and several studies have shown
that students’ engagement and apparent abilities are in-
fluenced by the framing they adopt76–78. Similarly, PD
researchers have shown that instructors approach teach-
ing in context-dependent ways79–83, which lends weight
to the idea that the framing that faculty take up within
workshop settings plays a role in what they gain from
their participation. Although faculty may quietly or vo-
cally contest a workshop leader’s instructions, every par-
ticipant will adopt some framing that influences their
thinking during the session, regardless of whether or not
the workshop leader guides them towards a particular
orientation. Because faculty participants and workshop
leaders might not naturally take up the same framing,
a session in which the workshop leader’s desired fram-
ing is made explicit is likely to foster stronger alignment
between the workshop leader’s expectations and partici-
pants’ actual experiences than a session where no expec-
tations are articulated.
Education Research Theory and Results: Unpacking
the theoretical motivations that informed the develop-
ment of research-based instructional strategies (RBIS)
could help faculty to decide how and when to adapt,
modify, or reinvent them. Prior research has shown that
physics faculty often struggle to make these decisions in
ways that both support positive student outcomes and
fit within their local constraints, and would likely bene-
fit from a deeper understanding of the guiding principles
that underlie the developers’ prescriptions84. More gen-
erally, faculty’s ability to relate education research the-
ory to examples of classroom practice is critical to their
ability to continually assess and improve their own teach-
ing, as discussed previously32,38,85. A focus on education
research theory in close proximity to the “Analyzing Sim-
ulated IS” code would likely indicate that workshop lead-
ers or faculty participants are identifying the conceptual
anchors of Aubusson et al. 32 that tie theory to practice,
which we consider to be a particularly promising and rich
PD activity.
Working towards an alternative goal, introducing fac-
ulty participants to education research results that are
new to them might improve their ability to try innovative
strategies in environments where institutional or depart-
mental pressures constrain their teaching. In particular,
physics faculty could justify their decision to use active
learning strategies to resistant administrators using edu-
cation research findings and methods, e.g., using concept
inventories to measure student outcomes86–88. That said,
we caution that contrary to popular belief, quantitative
research results often do not contribute to convincing in-
dividual faculty to initially try RBIS20,87, and we argue
that a workshop that focuses on this exclusively is un-
likely to shift faculty participants’ willingness to try new
teaching strategies.
Instructional Strategies Description and Purpose: The
simplest way for faculty to become aware of RBIS is to
hear them described. Prior research on the Physics and
Astronomy New Faculty Workshop suggests that work-
shop presentations are an effective method of introduc-
ing faculty to a variety of RBIS, thus expanding faculty’s
awareness of what they could do in their classrooms5,6.
Workshops could be designed to increase participants’
familiarity with popular RBIS that they seem likely to
take up, particularly when time is limited. Alternatively,
workshop leaders could elicit instructional strategies from
participants, who may contribute a greater diversity of
strategies than a workshop leader would have presented
based on thoughtful planning, but lead to a higher likeli-
hood of participants attempting RBIS in their classrooms
because the strategies were endorsed by their peers87. Al-
though describing instructional strategies is likely to be
insufficient for preparing faculty participants to navigate
the challenges of implementing them in their own class-
rooms, and indeed, prior research indicates many will
9Table III. Focus-of-engagement code names and brief descriptions.
Code name Code description
Workshop Instructions Workshop leader instructs participants about what they should or will
be doing during the workshop (or participants attempt to clarify these
instructions).
Education Research Theory and Results Workshop leader and/or participants emphasize discipline-based education
research processes, principles, or findings.
Instructional Strategies (IS) Description and
Purpose
Workshop leader and/or participants show or describe active learning strate-
gies ranging from current instructional practices to strongly research-based
instructional strategies.
Workshop Leader (WL) Simulating IS Faculty participants experience a workshop leader’s implementation of an in-
structional strategy, either by acting as mock students, or through observing
video, transcript, or case study narrative.
Faculty Participant (FP) Simulating IS (as
educator)
A predetermined subset of faculty participants (one or more) try out im-
plementing an instructional strategy while other participants act as mock
students.
Analyzing Simulated IS Workshop leader and/or participants reflect on (analyze, critique, evaluate,
justify) a shared experience of someone simulating an instructional strategy
in situ.
WL Pre-Workshop Experiences Workshop leader and/or participants discuss a workshop leader’s past expe-
riences, including instructional goals, practices, values, and local contexts.
FP Pre-Workshop Experiences Workshop leader and/or participants reflect on participants’ past experi-
ences, including instructional goals, practices, values, and local contexts.
Student Experiences Workshop leader and/or participants consider students’ knowledge, skills, or
affect.
Disciplinary Content Knowledge Workshop leader and/or participants consider disciplinary ideas.
Analyzing and/or Creating Student Tasks Participants create, modify, or evaluate and/or workshop leaders critique or
evaluate specific materials, questions, or tasks for students.
Planning for FP Future Teaching Workshop leader advises and/or faculty participants plan next steps for when
participants go back to their home institutions.
not persist in using RBIS in the long-term after only this
intervention6, it can give faculty a valuable starting point
for experimentation within their classrooms.
Workshop Leader Simulating Instructional Strategy:
Unlike describing instructional strategies in the abstract,
simulating instructional strategies can give faculty par-
ticipants concrete models of instruction to reflect back
on. This could serve to make the nuances of RBIS imple-
mentation visible to faculty participants and more richly
illustrate the possible impacts for students than a simple
description57,89, which may in turn increase the likeli-
hood that some faculty will implement similar strategies
when they return to their home institutions. K-12 PD de-
signers have argued that simulating instructional strate-
gies for participants can make PD seem more authentic
and therefore make new strategies seem more plausible15,
and indeed, empirical evidence supports the existence of
a causal link between K-12 teachers experiencing instruc-
tional strategies in workshops and later shifting their own
instruction accordingly16,17,90. We note that although
the three forms of simulating instructional strategies that
we group together with this code—faculty participants
acting as pseudo-students while workshop leaders model
instructional practices; workshop leaders using video-
recorded classroom episodes to engage faculty partici-
pants in classroom implementation; and faculty partici-
pants reading case studies of classroom interactions—can
all provide the contextual anchors necessary for produc-
tive reflection32,45,46,85, each may have affordances that
the others do not. We encourage future researchers and
PD designers to explore the consequences of these varia-
tions through follow-up analysis, but choose not to dis-
tinguish between them in this initial classification.
Faculty Participant Simulating Instructional Strategy
(as educator): Asking faculty participants to enact in-
structional strategies themselves could benefit them in
many similar ways to what is described in the previous
code, but there are also sufficient differences in the poten-
tial workshop outcomes to justify making this a separate
code. In particular, while workshop leaders’ simulations
can provide a limited number of “expert-like” models of
instruction, having many faculty participants simulate
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teaching strategies could provide a greater diversity of
concrete, shared examples of practice that can support
rich reflective discussion and debate (again, together with
subsequent “Analyzing Simulated IS”)89. Faculty may
notice new aspects of these teaching strategies when sim-
ulating them as educators, and thus become better able
to introspectively evaluate the fit of a particular strategy
implementation to their current pedagogical beliefs and
abilities, and to their local contexts.
Experiencing success at teaching during workshops
could also increase faculty’s self-efficacy by targeting
three of the four sources of self-efficacy identified by
Bandura 91 , and thus make them more willing to ex-
periment with new strategies in their own classrooms.
If faculty perceive themselves to be successful at imple-
menting RBIS by engaging other participants in desirable
ways, they could experience a sense of mastery; if faculty
perceive their peers’ to be successful, they could expe-
rience vicarious success; and if faculty receive encour-
agement or praise for their efforts as implementors, they
could be persuaded to think more highly of themselves
directly (social persuasion). Faculty simulating instruc-
tional strategies themselves seems more likely to improve
their confidence than watching workshop leaders do so89:
mastery experience is the most influential factor that can
increase self-efficacy and cannot be achieved by watching
others perform, and faculty may be more likely to experi-
ence vicarious success when watching other participants
because they identify with their peers more closely.
Analyzing Simulated Instructional Strategy: As we dis-
cussed earlier, faculty’s ability to analyze concrete ex-
amples of practice is a critical piece that can support
continuing improvements to their instruction32,38,46,47,85.
Faculty often give pedagogically superficial feedback to
their peers after teaching observations, which might in-
dicate that they also struggle to reflect on their own in-
struction in substantive ways. When workshop leaders
vocalize their own reflective practice during workshops,
they can identify alternative aspects of instruction and
student engagement that may be fruitful for faculty to
notice in their own classrooms. Similarly, guiding fac-
ulty to reflect on examples of instruction with their peers
could improve their ability to notice consequential as-
pects of their students’ engagement45,46,54,89,90 and ul-
timately lead to shifts in their instruction (particularly
if faculty continue to participate in similar activities fol-
lowing the workshop)47,48. As discussed in Section III,
scaffolded discussions could support faculty’s engagement
in conversational routines demonstrated to be productive
within PD literature, e.g., focusing on specific challenges
observed and connecting examples of classroom practice
to general principles of teaching and learning32,45,46,48,85.
Improving faculty participants’ abilities to self-assess and
engage in fruitful discussions about teaching episodes
could have benefits that long outlast a single PD experi-
ence, and a workshop in which this code occurs frequently
could generate this outcome.
Workshop Leader Pre-Workshop Experiences: An em-
phasis on a workshop leader’s past experiences could lead
to positive and negative workshop outcomes, depending
on the context and the way that individual faculty par-
ticipants perceive the workshop leader. When a work-
shop leader effectively emphasizes their personal devel-
opment as instructors, they could give faculty partici-
pants opportunities to identify ways in which the work-
shop leader is or was similar to them. If faculty partic-
ipants see workshop leaders as role models, they might
envision themselves becoming successful at implementing
research-based, student-centered instruction, thus lead-
ing to an increase in their self-efficacy91, as discussed in
the “Faculty Participant Simulating Instructional Strat-
egy” code. If faculty see the workshop leaders as peers,
they may become more compelled to try the workshop
leader’s approach to teaching than if the same RBIS were
presented without an associated personal narrative87,92.
At the same time, in physics, there is evidence that that
faculty who want to improve their teaching sometimes
perceive education researchers to be too dogmatic and
prescriptive about how RBIS “should be” implemented,
which contributes to negative perceptions of the field
of education research and resistance to implementing or
adapting RBIS20. These negative perceptions could be
generated or reinforced by an over-emphasis on a work-
shop leader’s past experiences, particularly if the work-
shop leader portrays their instructional approach as in-
flexible or “correct.” More broadly, if the balance be-
tween a focus on the workshop leader’s and faculty par-
ticipants’ past experiences is strongly skewed towards the
workshop leader, this could indicate that the workshop
leader’s ideas and experiences are being privileged over
participants’ ideas and experiences within the session.
Workshop designers could use R-PDOT data to identify
places where they could help faculty to participate more
centrally in the workshop by eliciting faculty’s experi-
ences instead of exclusively sharing their own.
Faculty Participant Pre-Workshop Experiences: A fo-
cus on faculty participant’s past experiences could be an
effective mechanism to encourage faculty to try RBIS,
and could contribute to faculty becoming more reflective
teachers. For the first point, faculty are most often con-
vinced to try RBIS by their peers87,92 and feel pressure
to conform to perceived teaching norms within their local
contexts80,87,88, and faculty who are already trying out
progressive instructional methods might be sought out
for advice about teaching by their peers93. Discussion
surrounding faculty’s own teaching could foster a sense of
community among participants, which is a critical part
of sustaining educational reforms90,94,95, and workshop
leaders could encourage faculty participants who have
already tried one or more RBIS in their classrooms to
share their experiences as a way to normalize the poten-
tial challenges and advantages of research-based teaching
among participants85. For the second point, faculty natu-
rally draw on a variety of prior experiences when making
teaching decisions96, and it could be useful to scaffold
those seeds for productive reflection by drawing them
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out within the workshop. For instance, if participants
are encouraged to relate their past experiences to sim-
ulated classroom experiences or task design within the
workshop, this could contribute to making these simu-
lated workshop experiences seem concrete and realistic.
If workshop leaders facilitate these conversations using
dialogic participant structures where faculty participants
voice their own ideas without the workshop leader’s di-
rect evaluation or judgment, i.e., if workshop leaders give
faculty agency to recall and interpret their own experi-
ences, these discussions could model productive conver-
sational norms that faculty could engage in elsewhere44.
Student Experiences: A focus on student experiences
could lead to shifts in how faculty participants perceive
their own students, which again could be a positive or
negative workshop outcome depending on the nature of
these shifts. Faculty’s perceptions of student attitudes
towards active learning and academic preparation often
influence their decisions to use RBIS88,92; for instance,
perceived resistance to active learning is a common bar-
rier to physics faculty implementing Peer Instruction, as
is the perception that students will not have sufficient
knowledge and skills to benefit from talking with their
peers88. Because of these pervasive challenges, conver-
sation surrounding student experiences could counteract
or reinforce this deficit model, and potentially shift fac-
ulty’s perceptions accordingly. Part of the purpose of
including this code is to alert workshop leaders to when
these conversations are occurring so that they can re-
flect on the prevailing attitudes towards students voiced
within the workshop and work to direct these conversa-
tions towards understanding student perspectives. Pro-
ductive conversations could help faculty think about how
to teach a diverse student population in more equitable
and inclusive ways, potentially through identifying how
students’ experiences may be racialized, gendered, or oth-
erwise shaped by societal influences and considering how
to constructively address these challenges97–101. If stu-
dent experiences are considered simultaneously to work-
shop activities coded as “Analyzing Simulated Instruc-
tional Strategies,” “Analyzing and/or Creating Student
Tasks,” and/or “Disciplinary Content Knowledge,” fac-
ulty participants may improve their abilities to iden-
tify, notice, and respond to students’ disciplinary ideas90,
which could in turn help them to assign appropriate tasks
and act as effective facilitators in the classroom102,103.
Disciplinary Content Knowledge: Workshops that in-
corporate content knowledge from participants’ primary
disciplines may be more salient to faculty than workshops
that only discuss instructional strategies and learning
theory generically15. Although we see disciplinary con-
tent knowledge as involving both core ideas and cross-
cutting practices104, practices often span many disci-
plines, and we choose to only select this code when illus-
trated with topics that are familiar to participants (i.e.,
disciplinary core ideas grounded in the disciplinary do-
main). Prior studies have shown that faculty’s primary
discipline influences how they teach and think about
teaching92,105, which suggests that a focus on disciplinary
content knowledge could help faculty to perceive the
teaching strategies presented at workshops as directly rel-
evant and more easily applicable to their own teaching.
When the workshop content aligns with faculty’s instruc-
tional goals, they may choose to take student tasks from
the workshop and use them as building blocks in their
instruction. Faculty may be better able to generate new,
high-quality classroom activities when the tasks they in-
teract with during workshops target similar knowledge or
skills to the content they will teach. Also, as mentioned
in the previous code, faculty’s abilities to identify what
knowledge and skills students possess currently and could
gain through instruction can importantly shape faculty’s
instruction90,102,103, and activities surrounding this (e.g.,
examining student work or classroom video) are most
likely to be valuable when they are focused on the ideas
of learners within the participants’ own disciplines45.
Analyzing and/or Creating Student Tasks: Analyzing
and creating student tasks within workshops could im-
prove faculty participants’ abilities to engage their stu-
dents with pedagogically valuable and appropriate mate-
rials in the future. Faculty constantly go through a pro-
cess of selecting, modifying, and/or creating tasks when
they are planning to teach, and use a variety of crite-
ria to determine what tasks are best79–82. The instruc-
tional materials faculty choose influence their instruction
more broadly, which underscores the importance of this
decision-making process80,81. Structured workshop ac-
tivities that focus on student task creation and analysis
could expand faculty’s vision of what criteria to consider
when deciding whether and in what capacity to build
from existing tasks (research-based or otherwise), and
what features of classroom tasks might constrain or sup-
port student learning and engagement. Student tasks
could also function as the contextual anchors that ground
conversations about teaching and learning in concrete,
relevant examples and thus make those conversations
more focused and productive32,38,85. If workshop lead-
ers scaffold faculty’s productive engagement in creating
and evaluating tasks within a workshop, faculty who par-
ticipate in local or virtual learning communities may be-
come better able to initiate or contribute to productive
conversations within those groups later on, in addition
to whatever individual gains in ability they might have
made from the workshop experience alone.
Planning for Faculty Participant Future Teaching:
While workshop activities represented by the other codes
could help faculty participants to envision high-quality
instruction and feel a sense of community within the
workshop, any changes faculty are considering are more
likely to be enacted if they are given opportunities to
plan out next steps and think about how these changes
might play out in their local contexts. Improving instruc-
tion is necessarily a long-term process, and short-term
interventions like workshops can only contribute a lim-
ited amount. If faculty come into workshops with ideas
about teaching and learning that are highly different from
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those endorsed at the workshop, they will likely strug-
gle to achieve more desirable student outcomes with-
out ongoing support from other educators or PD lead-
ers. Additionally, faculty’s instructional decision-making
is influenced not just by how they think their students
learn, but also by a host of other factors like depart-
mental policies and incentives (or disincentives) for try-
ing new teaching practices80,88. Faculty may be more
prepared to face these challenges if workshop leaders
both encourage faculty to consider how potential changes
could fit within their constraints and to identify supports
(faculty learning communities, supportive colleagues, in-
structional materials, etc.) that could contribute to their
future learning.
V. METHODS
We now turn to the practical aspects of the R-PDOT
and discuss its development, validation, and use. This
section is primarily aimed at other observation tool de-
velopers and future R-PDOT users; readers who are more
interested in the overall outcomes of our study may wish
to skip to Section VI. The concept of a workshop obser-
vation tool emerged from private communications with
Dr. Edward Prather, and as did our connections to the
research settings that supported the tool’s development.
We attended many iterations of two of the largest dis-
ciplinary workshops for faculty, the Physics and Astron-
omy New Faculty Workshop5 (6 iterations) and the Cen-
ter for Astronomy Education Tier I Teaching Excellence
Workshop89 (3 iterations), as we developed the R-PDOT
codes. We used published descriptions of K-12 and fac-
ulty PD7,15,17,90 to ensure that the codes span the ac-
tivities most likely to occur in any workshop aimed at
helping faculty to improve their teaching.
The functional form of the R-PDOT is an online in-
terface, hosted on the Tools For Evidence-Based Action
community’s General Observation and Reflection Plat-
form (GORP), which allows an observer to code by select-
ing and deselecting buttons continuously throughout a
“live” workshop session106. Consistent with the nature of
the codes, an observer can select one type-of-engagement
code and one or more focus-of-engagement code(s) at any
given time. Observers can also record timestamped com-
ments that complement or explain these coding decisions.
We note that in order to select a particular code, an ob-
server may need to assume that there is more shared pur-
pose in the room than may actually be the case. For in-
stance, during many types of engagement (most notably
lecture and closed discussions), the only publicly visible
evidence of faculty participants’ thinking is discourse be-
tween a limited number of speaking actors. In the case of
no counter-evidence, we default to maintaining the work-
shop leader’s framing. We base counter-evidence for the
focus-of-engagement on a small subset of participants in
the observer’s vicinity, and shift to other codes or add
codes as appropriate. Along similar lines, faculty’s type-
of-engagement may conflict with the workshop leader’s
instructions, e.g., faculty may spontaneously begin to dis-
cuss a prompt with their peers when asked to work in-
dependently, in which case we scan the room and select
the code that matches the most common participant be-
havior. Otherwise, we maintain the type-of-engagement
established by the workshop leader.
We find several of Scott et al. 28 ’s guidelines for label-
ing communicative approaches useful in further helping
observers to identify code shifts. In particular, we agree
that taking an overview27 is an appropriate orientation to
determining what is happening in a workshop session, as
all turns of talk are linked to other turns of talk and not
isolated from what was occurring previously. Taking an
overview can include both considering the overall teach-
ing purpose when deciding whether or not a code is oc-
curring, and using contextual, non-verbal cues to help es-
tablish whether or not an interaction is evaluative. This
approach is particularly relevant in determining the du-
ration of a particular focus-of-engagement and deciding
the type-of-engagement during large group interactions,
where potential ambiguities can be resolved by consid-
ering how the session has been unfolding. We can often
make inferences about the type-of-engagement in a large
group interaction based on an initial question statement,
e.g., a workshop leader may pose an obviously open or
closed question to the group, and, as above, we assume
this type-of-engagement is maintained unless there is ev-
idence otherwise.
By default, our coding methods ultimately diverge
from Scott et al. 28 ’s recommendations because the R-
PDOT is intended to enable users to capture workshop
events in real-time (either through in situ observations
or watching video played without pause), not to provide
a framework for slow, iterative coding of video episodes.
We agree with Scott et al. 28 that it is easier to iden-
tify the nature of various interactions through replay-
ing video multiple times, and sometimes do this our-
selves when qualitatively analyzing a workshop session
in depth. Some of the boundaries we have created are
easier to capture in a first pass than the boundaries
in Scott et al. 28 ’s framework; for example, “Workshop
Leader Lecture” is a single code, even though, as we
noted earlier, lecture could be authoritative or dialogic
in principle. More fundamentally, however, the value of
enabling users to capture these aspects of workshop ses-
sions “live” and without multiple iterations of coding so
that workshop leaders and evaluators can immediately
reflect on workshop sessions, greatly outweighs the ben-
efits of doing so with the greatest possible accuracy. Al-
though we have strived to make the distinctions between
codes as transparent as possible to R-PDOT users, we
acknowledge this underlying limitation as we explore the
resulting inter-rater reliability below.
13
A. Establishing inter-rater reliability
Establishing inter-rater reliability (IRR) requires both
selecting metrics to assess reliability relative to common
standards set by other observation tools, and finalizing
a set of codes for which to measure reliability between
observers. In the following section, we describe how
two IRR metrics—the Jaccard similarity score and Co-
hen’s κ—are appropriate for and can be applied to the
R-PDOT coding scheme; the ways in which we ensured
that the current code names and descriptions are acces-
sible to potential users; and the results of IRR testing
between the first and second authors. We also consider
the circumstances under which future users may (or may
not) wish to establish strong IRR with the R-PDOT for
themselves.
1. The Jaccard similarity score
The first metric we use to calculate IRR, the Jac-
card similarity score, is simply the fractional observed
agreement between two observers who have coded the
same set(s) of data. For example, if observer A and ob-
server B code the same workshop session and agree 85%
of the time about whether or not lecture is occurring,
the Jaccard similarity score for “WL Lecture” would be
0.85. We calculate the Jaccard similarity score for each
code individually to allow comparisons to the reliability
of the Classroom Observation Protocol for Undergradu-
ate STEM (COPUS) instrument51, which has a similar
functional form and has undergone extensive reliability
testing. The standard formula for the Jaccard similar-
ity score, applied in this context, is provided in Smith
et al. 51 , and we follow their strategy for IRR testing
wherever possible throughout this section.
One notable difference between Smith et al. 51 ’s ap-
proach and ours is the exact method of data collection.
With the R-PDOT, observers collected data continuously
throughout an observation—keeping relevant codes se-
lected until a change in the session occurred, while Smith
et al. 51 collected data in 2-minute intervals—checking
off all codes that occurred in a given time interval. Our
method of data collection provides a more accurate vi-
sual and quantitative description of workshop sessions;
however, in order to calculate IRR, it is necessary to bin
the data. We initially chose to bin into 1-second inter-
vals for simplicity and to ensure sufficient sampling fi-
delity. In doing so, we recognize that it is unrealistic to
expect observers to simultaneously change codes at that
level of accuracy, i.e., within the same second, particu-
larly when they may be selecting two or more appropriate
codes based on the same change in the workshop session.
We therefore decided to incorporate some additional le-
niency into our IRR calculation, so that minor differences
in the timing of selecting codes do not reduce the overall
IRR scores.
In order to determine what amount of leniency is ap-
propriate for this coding method, we used an excerpt of
workshop video to quantify how many seconds of delay
between observers can typically be attributed to realistic
lags in observers noticing and selecting new codes instead
of real disagreement about which codes describe a partic-
ular workshop event. To calibrate this, the first author
coded the same 7-minute video segment two times consec-
utively before any other IRR scores had been calculated,
and the two sets of data were compared using the Jaccard
similarity score as described above (as if the data were
collected by two observers). The video segment was se-
lected to be straightforward to code but containing many
transitions between codes, such that any differences be-
tween the two iterations could be attributed to natural
delays in selecting codes rather than the observer’s un-
certainty about code definitions. Consistent with this
assumption, the two iterations of coding were quite sim-
ilar initially: all Jaccard similarity scores were 0.97 or
higher. For each code, we then omit any data within
x seconds of when that code was selected or deselected
from the inter-rater reliability calculation, increasing x
until all codes had similarity scores of 1.0, i.e., perfect
agreement. In this way, we found that omitting data
that fell 2 seconds before and 2 seconds after the selec-
tion or deselection of a particular code was sufficient to
bring the two observations into perfect agreement. We
therefore exclude data that is 2 seconds or less away from
an observed code shift in all subsequent IRR calculations.
2. Cohen’s kappa
While the Jaccard similarity score has the benefit of
being easier to interpret than Cohen’s κ and always pos-
sible to calculate, it is not predictive of how well two
observers will agree in the future and thus is not a true
measurement of IRR. Cohen’s κ, on the other hand, takes
into account the fact that two observers might agree by
random chance in any given observation, and therefore
yields a conservative, statistically driven estimate of how
likely it is that they will agree in the future.
The formula for Cohen’s κ is:
κ =
po − pe
1− pe
where κ is the probability that the two observers will
agree in the future; po is the observed proportionate
agreement between the two observers; and pe is the prob-
ability of random agreement between the two observers,
based on how often codes were selected by each observer.
We calculate Cohen’s κ for each focus-of-engagement
code separately. This is justified because observers can
select several focus-of-engagement codes at once, which
implies observers must decide whether a particular code
should be selected largely independently of whether or
not other codes are selected. This calculation of Cohen’s
κ draws on our previous calculation directly—po is equiv-
alent to the Jaccard similarity score—and mirrors the
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calculations described in Smith et al. 51 . In particular,
like Smith et al. 51 , we consider agreement for a given
focus-of-engagement code to indicate times when both
observers have selected the same code, and times when
both observers have chosen not to select that code.
The type-of-engagement coding differs from the focus-
of-engagement coding in that observers are choosing be-
tween a set of mutually exclusive codes, i.e., there will al-
ways be exactly one type-of-engagement code selected at
a given time. Because of this, we calculate a single κ for
all of the type-of-engagement codes together. In this case,
it is unnecessary to include times when two observers
agree that a particular code is not selected when calculat-
ing Cohen’s κ; in other words, only times when both ob-
servers agree that a particular type-of-engagement code
is selected count in the calculation. Here, po is the to-
tal number of instances when the two observers select
the same type-of-engagement, and pe, the probability of
random agreement, is given by the expression:
∑
i
# of times code i was selected by observer A
# of times A selected any type-of-engagement code
×
# of times code i was selected by observer B
# of times B selected any type-of-engagement code
We note that because of its probabilistic nature, Cohen’s
κ is only useful when there is some variation in the cod-
ing of at least one observer. If there is no variation in
the coding considered for a given calculation, then κ is
undefined. Similarly, if there is only variation in one ob-
server’s coding, e.g., if one observer selects a single code
for an entire session, or if one observer never selects a
particular focus-of-engagement code, then κ is automati-
cally zero for the relevant calculation. This is a logical re-
sult that indicates a lack of statistical information needed
to make a reliable predictive model: all of the observed
agreement is taken to be random agreement. More gen-
erally, when there is little variation in observers’ coding,
either because a code was selected highly frequently or
highly infrequently by one or both observers, the formal
probability that observers will agree by random chance
is quite high. Therefore we expect κ values to be low in
those cases even when Jaccard similarity scores indicate
a close agreement.
3. Refining codes
As we were defining the R-PDOT codes, we period-
ically sought and incorporated feedback from potential
users in order to ensure that the version of the R-PDOT
coding scheme, for which we calculate IRR, is accessi-
ble and comprehensible to users. Dr. Stephanie Chas-
teen, the NSF external evaluator for this project and an
experienced PD presenter, pilot-tested our preliminary
focus-of-engagement codes “live” during a workshop by
informally noting examples of each code and identifying
points of confusion. We made several significant changes
as a result of this feedback, including adding new codes,
rewriting code names, and modifying code meanings. A
tenured Astronomy faculty member, PD participant, and
recent adopter of RBIS, Dr. Derek Richardson, also pro-
vided feedback on comprehension and code names when
the codes were closer to their final form. In response, we
modified language and code names to make them more
accessible to users with a wide variety of expertise in ed-
ucation research.
To further improve and validate the accessibility of
the R-PDOT, we conducted one-on-one interviews with
workshop leaders surrounding R-PDOT data. We inter-
viewed six presenters from the Physics and Astronomy
New Faculty Workshop (NFW), incrementally introduc-
ing them to code descriptions, anonymized example data
from NFW sessions, and data from their own sessions
when possible. We prompted them to talk through their
interpretations, and offered our own ideas when neces-
sary to create a productive and collaborative interview
setting. These interviews confirmed the general acces-
sibility of the code names and descriptions: workshop
leaders were typically able to interpret the codes mean-
ings with little or no guidance from the interviewer. We
made minor changes to some code descriptions based on
one interview, which reduced the number of words in the
description without changing the meanings of the codes.
More substantive points of confusion raised during these
interviews could be better addressed through modifica-
tions to the visual output of the tool, as discussed further
below. In addition to contributing to the development
and validation of the R-PDOT, these interviews provide
preliminary evidence that the R-PDOT can indeed sup-
port workshop leader reflection as intended, and we de-
scribe these results briefly in Section VII.
4. IRR results
Over the course of this study, we video-recorded 64, 45-
minute to 1-hour long sessions across three iterations of
the NFW. Once we had established a final set of code
names and descriptions, we (re)coded multiple NFW
video segments to demonstrate formal IRR for the R-
PDOT coding scheme. (We had coded and discussed
both “live” and video data periodically throughout this
project in order to refine this set of codes and establish
joint understanding of code meanings.) The first and sec-
ond author independently coded 7, 5–30 minute segments
of video based on the final R-PDOT codebook, which to-
taled 98 minutes of data (Table IV). The first author used
her preliminary coding to select video that spans a range
of workshop activities and participant structures. For
each segment, she indicated a key phrase that indicated
the start of the segment, the initial codes to select (since
selecting a button on the R-PDOT interface marks the
start of data collection), and the duration of the episode
for coding. To limit biases in coding, the first and second
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authors coded all of these video segments independently
before comparing to each other, and only the first author
reviewed the preliminary coding data to choose the video
segments.
When selecting video data for this exercise, the goal
was to include video segments such that each focus-
of-engagement and type-of-engagement code would be
present in the final, combined IRR dataset, and such that
each focus-of-engagement and type-of-engagement would
be similarly prevalent to allow for more direct comparison
of reliability measures across codes. Despite these ideals,
however, practical considerations of how the type and fo-
cus of faculty’s engagement played out during the NFW
created natural limitations to how evenly we were able to
sample different codes. In particular, because “WL Lec-
ture” was highly prevalent across the NFW, it was diffi-
cult to avoid oversampling this type-of-engagement rela-
tive to other types while still capturing a range of focus-
of-engagement codes, as evident in Table IV. Similarly,
“Workshop Instructions” and “Planning for FP Future
Teaching” were quite rare, and thus it was not possible
to sample these codes to the same extent as other focus-
of-engagement codes. (The limitation in our ability to
capture extended enactment of the “Workshop Instruc-
tions” code will likely persist in future studies due to the
nature of that code. We discuss the lack of planning for
future teaching and the pervasiveness of lecture in our
analysis.)
We find that our Jaccard similarity scores for every
code are all 85%, or above which we consider to be suf-
ficient for this study. We note that the standard set
by the COPUS team51 is for raters to achieve Jaccard
similarity scores above 90%. The κ values we include
represent a lower limit on the likelihood that these two
observers will agree in the future, and provides another
metric for future R-PDOT observers to compare to. Lan-
dis and Koch 107 provide some general guidance for how
to interpret these results: they characterize κ values as
poor (<0.00), slight (0.00–0.20), fair (0.21–0.40), moder-
ate (0.41–0.60), substantial (0.61–0.80), and almost per-
fect (0.81–1.00). By these benchmarks, we find that IRR
for the type-of-engagement codes is moderate (0.56). We
also find that the two observers simultaneously selected
focus-of-engagement codes occurring for more than 10%
of the time with fair to moderate IRR, and that only
focus-of-engagement codes selected for less than 5% of
the total time showed poor or slight IRR. Because those
codes occurred so rarely, we should not be surprised that
the reliability in selecting them was worse. Thus, we
consider these results to be sensible and sufficient for our
purposes, but note that these rare codes may need more
refinement than other codes in the future.
Because we do not have immediate plans to explore
quantitative research questions with the R-PDOT our-
selves, we choose not to iterate among ourselves for
higher reliability nor to pursue IRR with additional ob-
servers at this stage. As the initial developers of the
R-PDOT, we primarily aim to outline the procedures
needed to perform IRR calculations for this instrument
in order to streamline this for future researchers. While
we have established what we consider to be a viable and
useful set of descriptive codes and have demonstrated
that it can be used reliably within our research team,
we recognize that future researchers may wish to mod-
ify the codes as the R-PDOT is tested in other settings,
which would require IRR to be revisited. To the extent
that future users wish to use the R-PDOT as a reflective
tool only, establishing IRR and maintaining these exact
codes may not be necessary: in these cases, we consider
it more important that the observer and observee agree
about code meanings. The Generalized Observation and
Reflection Platform (GORP) where the R-PDOT is cur-
rently hosted allows users to easily create custom ver-
sions of the R-PDOT for their own use and share these
custom versions with others. Based on our experiences
interacting with users of classroom observation tools like
the COPUS, it is reasonable to anticipate that some cus-
tom modifications and improvements could be made over
time.
B. Data Visualization
We consider it a critical piece of the R-PDOT devel-
opment to link the numerical output described above to
accessible, intuitive visuals. We intend the R-PDOT out-
put to serve as a reflective anchor for workshop leaders, as
well as a mechanism for researchers to identify compelling
video data for future analysis quickly and easily, and this
necessitates visualization design choices that take into
account the nature of desirable sense-making around R-
PDOT data. In this section, we describe the represen-
tations of R-PDOT data we have developed, tested, and
refined based on user feedback.
The most basic representations of the R-PDOT out-
put are summative plots showing the percentage of the
total session time spent enacting each code. We take a
similar approach to the designers of the COPUS tool in
this respect51; however, we agree with Lund et al. 65 that
although pie charts are easy to interpret quickly, they
are misleading when the data represented can sum to
more than 100%. Because our type-of-engagement codes
represent mutually exclusive categories and our focus-of-
engagement codes do not, we use pie charts to repre-
sent the prevalence of the type-of-engagement codes and
bar charts to represent the prevalence of the focus-of-
engagement codes.
While we initially repeated the same color palette
across the two sets of codes, in the final version, we have
associated each code with a unique color, and shown in
the color key (Figure 1). Although this change increased
the total number of colors in our representations, we
found that workshop leaders consistently sought to as-
sociate codes with like colors across categories during in-
terviews, e.g., relating a yellow focus-of-engagement code
to a yellow type-of-engagement code. This mapping was
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Table IV. Results of inter-rater reliability testing for the authors, measured with the Jaccard similarity score in all cases and
Cohen’s κ when appropriate. These calculations include 98 minutes of data comprised of 7, 5–30 minute segments of NFW
sessions. Results for codes that were selected for more than 10% of the total time coded are in bold, and results for codes that
were selected for less than 5% of the time are italicized. As justified in Section VA, we calculate a single value of Cohen’s κ
the type-of-engagement codes, and separate values for each focus-of-engagement code.
Code name Minutes coded Fraction of total time Jaccard score Cohen’s κ
(observer average) (observer average)
WL Lecture 61.0 0.62 0.85 –
LG Closed FPQ 13.1 0.13 0.93 —
LG Closed WLQ 7.4 0.08 0.91 —
LG Open Discuss 2.8 0.03 0.96 —
SG Discuss 6.1 0.06 0.98 —
FP Present 4.9 0.05 0.97 —
FP Ind Work 2.6 0.03 0.98 —
All type-of-engagement codes 98.0 1.0 — 0.56
Workshop Instructions 2.8 0.03 0.96 0.07
Education Research Theory and Results 21.1 0.22 0.93 0.77
IS Description and Purpose 31.9 0.33 0.85 0.64
WL Simulating IS 11.4 0.12 0.90 0.41
FP Simulating IS 8.6 0.09 0.97 0.75
Analyzing Simulated IS 8.4 0.09 0.89 0.22
WL Pre-Workshop Experiences 11.9 0.12 0.88 0.36
FP Pre-Workshop Experiences 5.9 0.06 0.95 0.44
Student Experiences 5.9 0.09 0.89 0.18
Disciplinary Content Knowledge 23.6 0.24 0.87 0.60
Analyzing and Creating Student Tasks 4.1 0.04 0.97 0.58
Planning for FP Future Teaching 1.7 0.02 0.97 -0.01
Planning for FP Future Teaching
Analyzing and Creating Student Tasks
Disciplinary Content Knowledge
Student Experiences
FP Pre-workshop Experiences
WL Pre-workshop Experiences
Analyzing Simulated IS
FP Simulating IS
WL Simulating IS
IS Description and Purpose
Education Research Theory and Results
Workshop Instructions
FP Ind Work
FP Present
SG Discuss
LG Open Discuss
LG Closed WLQ
LG Closed FPQ
WL Lecture
Figure 1. Color key for the type-of-engagement (left) and
focus-of-engagement (right) R-PDOT codes.
unintentional on our part, and we do not wish to nar-
row workshop leaders’ vision for how activities could be
structured by implicitly encouraging particular associa-
tions. Furthermore, we found that workshop leaders were
sometimes overwhelmed by the overall number of codes,
and confused by which color associations were intentional
and which were arbitrary. Although we have included a
greater number of colors in our final version, we now only
use similar colors when highlighting similarities between
codes, thus simplifying the interpretive work for the user.
The final color palette for the type-of-engagement
codes, based on a ColorBrewer palette for diverging
data108, cleanly maps onto the four communicative ap-
proaches as outlined in Table II. Brown in our color
scheme is associated with authoritative communicative
approaches while teal is associated with dialogic ap-
proaches, and darker shades of the same hue indicate
an equal or greater level of interactivity compared to
neighboring codes. We cluster the focus-of-engagement
codes using a separate palette with five hues—purple,
blue, green, yellow, and orange—and up to three dif-
ferent shades (and therefore codes) per hue. While the
associations within the focus-of-engagement clusters are
not as robust as the type-of-engagement associations in
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the sense that similarities in the research underpinnings
are weaker, these clusters can help to initially orient the
user to what kinds of activities are occurring and there-
fore reduce cognitive load when interpreting data. Specif-
ically, Specifically, purple indicates codes that relate to
describing or making sense of established knowledge; blue
indicates codes that relate to in situ simulation of in-
structional strategies; green indicates codes that relate to
the experiences of various stakeholders in the educational
process; yellow indicates disciplinary content knowledge
(a single code); and orange indicates codes that relate
to primarily forward-looking activities. We consider the
connections among the blue and green codes to be the
strongest, and note that comparing the prevalence of the
codes within these clusters adds to the interpretive power
of the tool. These colors match the colors on the online
R-PDOT interface, which allows coders to develop facil-
ity in interpreting these plots during the data collection
process.
While the summative plots provide an overview of
workshop sessions, which can be useful for comparing
across multiple sessions and inferring potential session
goals, they do not showcase the full range of informa-
tion captured with the R-PDOT. Inspired by the design
decisions made by West et al. 53 for the Real-Time In-
structor Observation Tool (RIOT), we also created sets
of timelines to represent R-PDOT data.109 These time-
lines enable users to develop interpretations that rely on
coordinating the type-of-engagement with the focus-of-
engagement or understanding how a sequence of events
unfolded. Before timelines were introduced during in-
terviews, more than one workshop leader stated that
whether or not lecture was broken up by other types of
engagement mattered to their assessment, and this in-
formation is clearly visible in a timeline representation.
Our interviews with workshop leaders also support the
idea that timelines have particular affordances for help-
ing presenters to reflect on their own sessions. We sus-
pect that workshop leaders are better able to recall recent
events and generate specific modifications to implement
in future sessions when looking at timeline visualizations
instead of an overview alone. For instance, in considering
data from their own session (coded by the interviewer),
one workshop leader stated
“I like the timelines because I know what
slides were happening, and so seeing how
those translate into these categories I think is
interesting. I could see myself, if I’m giving
a lot of workshops, going through and saying,
(pointing to codes on the focus-of-engagement
timeline) okay this activity is hitting these
bits, what happens if I do an activity that hits
these bits? And then seeing what happens,
what’s the outcome. Because now I know I’m
not doing this. So maybe I should try it and
see what happens. And then I can map it into
what I was actually doing (motioning to the
type-of-engagement timeline).”
As researchers who study PD workshops through mul-
tiple methods, we have also found these timelines use-
ful in helping us to quickly select video segments for
both detailed qualitative analysis (e.g., Olmstead and
Turpen 110), as a representation akin to a “content log”
in some respects, and IRR testing, as alluded to earlier.
Visually, the timelines maintain the same color scheme
as the summative plots. Because the type-of-engagement
codes again represent mutually exclusive categories while
the focus-of-engagement codes can occur simultaneously
to each other, we show the occurrence of type-of-
engagement codes on a single, color-coded timeline and
the focus-of-engagement codes on stacked timelines, with
a single code in each row. We note that the type-of-
engagement color palette we adapted from ColorBrewer
is designed to be colorblind safe; thus, we can use all
of these colors on a single row without strongly limiting
access to colorblind users.
We have selected three sessions from the Physics and
Astronomy New Faculty Workshop (NFW) as examples
of how these visualizations appear, and to demonstrate
what inferences can be made from them. Out of the 64
NFW sessions we video-recorded, we chose two sessions
that are fairly typical of the NFW based on our expe-
rience and preliminary coding, and re-coded them from
video using the finalized R-PDOT codes. These sessions
allow us to illustrate some affordances and limitations
of common faculty PD approaches, and will likely seem
familiar to workshop leaders. We also selected a third
session that contains design elements we highly value but
find to be rare within the NFW. By including this session,
we hope to illustrate the capacity of the R-PDOT to doc-
ument a wide range of session types and to expand what
workshop designers see as possible within short faculty
PD sessions. We note that while we hypothesize about
possible outcomes based on the empirical and theoreti-
cal work we have already introduced, we do not claim
that any of these outcomes have occurred. Instead, we
simply aim to illustrate the capacity of the tool to help
workshop leaders and researchers to develop plausibility
arguments for session outcomes and make to judgments
about what post-workshop data would help to diagnose
these outcomes. Our interpretations of these three work-
shop session follow in the next section.
VI. SESSION ANALYSIS
The R-PDOT data for three sessions of the NFW—
labeled Sessions A, B, and C—are shown in Figure 2.
Sessions similar to A and B occur regularly at the NFW,
while C is less typical. Each session lasted for approx-
imately one hour (A: 60 minutes; B: 65 minutes; C: 48
minutes). We provide our interpretations of each session
based on these plots in the text that follows.
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Figure 2. Summative plots showing how much time was spent enacting each R-PDOT code during three approximately 1-hour
long sessions of the Physics and Astronomy New Faculty Workshop, labeled A, B, and C. The pie charts show the type of
faculty’s engagement as defined in Table I, where authoritative communicative approaches are shown in brown and dialogic
approaches are shown in teal; the bar charts shows the focus of faculty’s engagement as defined in Table III. Further discussion
of the color scheme can be found in Section VB.
A. Session A
Type-of-engagement: Workshop leader A used author-
itative communicative approaches (shown in brown) for
more than 75% of the session time. Pre-planned lec-
ture accounted for most of this, followed by the work-
shop leader responding to faculty participant questions.
For the ∼ 20% of the session that was dialogic (shown
in teal), most of it took the form of small group dis-
cussion, which allowed participants to share and develop
their ideas with a few other participants, and having fac-
ulty present ideas to the whole group (potentially follow-
ing this small group discussion).
Focus-of-engagement: A majority of the session was
spent focusing on previously established knowledge, par-
ticularly the description and purpose of instructional
strategies (∼ 60% of the time). A small amount of this
discussion of established knowledge focused on education
research theory and results, likely to justify or support
the use of these instructional strategies. A minimal per-
centage of the time was spent engaging in analysis of
student experiences (∼ 15%) and student tasks (∼ 10%),
less than the percentage of time spent considering work-
shop instructions (∼ 20%) that may have framed those
activities. The workshop leader also shared his/her per-
sonal experiences during the session, but did little to
elicit or discuss participants’ prior experiences.
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Potential outcomes: Faculty would likely leave this ses-
sion more aware of the RBIS discussed, and potentially
motivated to use the strategies if they seemed to address
pressing concerns or needs. It seems unlikely that fac-
ulty participants would gain more than a surface-level
understanding of these strategies, however, and would
likely not take up new ideas that conflict with their cur-
rent views about teaching and learning. We claim this
in part because the session was so lecture-heavy, which
gave faculty highly limited opportunities to voice, rea-
son through, or refine their current ideas. Moreover, re-
gardless of the type of engagement, the whole session
was primarily oriented towards abstract descriptions of
strategies, with highly limited attempts to connect these
strategies to concrete experiences within or outside of the
workshop.
B. Session B
Type-of-engagement: The workshop leader in Session
B used authoritative communicative approaches (brown)
for over 75% of the time, as in Session A, mostly by lec-
turing and then by answering faculty participants’ ques-
tions. Faculty were given time to think through ideas
independently and could have explored divergent ideas
in small groups, while all large group discussion was au-
thoritative or closed.
Focus-of-engagement: Although Session B still primar-
ily focuses on the description and purpose of instructional
strategies, with some justification through research stud-
ies, the focus-of-engagement profile differs significantly
from what we saw in Session A. Here, the workshop leader
draws participants’ focus to the concrete implementation
of instructional strategies, and gives faculty the oppor-
tunity to experience these strategies as pseudo-students.
There is less emphasis on the workshop leaders’ past ex-
periences, and some (albeit limited) mention of faculty
and students’ experiences.
Coordinating codes: Because the focus of faculty’s en-
gagement is highly variable (especially in comparison to
Session A) and seems to target more than declarative
knowledge, we can learn more by considering a timeline
representation showing how the events in Session B un-
folded (Figure 3). In carefully examining these timelines,
we make two key observations about the nature of the
interactions in the session: first, that all of the dialogic
types of engagement occurred when faculty were experi-
encing well-defined RBIS, typically in conjunction with
disciplinary ideas, and second, that all of the analysis
of the in situ teaching events was dictated by the work-
shop leader, either through lecture or short periods of
closed questioning. We also find that although the de-
scription and purpose of instructional strategies is the
most prevalent code, the workshop leader simulates in-
structional strategies and analyzes their implementation
intermittently throughout the entire session, indicating
to us that this was a consistent theme and likely salient
to participants.
Potential outcomes: Modeling instruction for faculty
participants may help them to envision changes to their
practice that would be difficult to identify in the ab-
stract, and therefore this session could be more successful
than Session A at shifting faculty’s instruction towards
a student-centered model. The workshop leader demon-
strated for faculty how they could justify the instruc-
tional choices they experienced as students, which might
improve faculty’s ability to reason about these specific
strategies. We anticipate that faculty would likely make
well-reasoned choices about whether to adopt or reject
the workshop leaders’ suggestions based on their incom-
ing pedagogical understanding and how well their goals
align with the workshop leader’s justifications. Some fac-
ulty participants might also use the workshop leader’s re-
flection on their practice as a model for how to engage in
reflective practices outside the classroom more generally.
But because the workshop leader presented these anal-
yses of instruction through authoritative communicative
approaches, there were limited opportunities for faculty
to develop their abilities along this dimension within the
session.
C. Session C
Type-of-engagement: The type of engagement in Ses-
sion C is mostly dialogic (∼ 60%), including a quarter of
the session time spent with participants engaged in both
large group open discussion and small group discussion.
There are certainly some authoritative segments in Ses-
sion C, primarily lecture and some responding to faculty
questions, but the structure of the session overall dra-
matically contrasts with the authoritative approaches of
workshop leaders A and B. This distribution of types of
engagement seems to indicate that workshop leader C is
primarily focused on helping faculty participants to de-
velop their own ideas as opposed to prescribing a single
approach.
Focus-of-engagement: The primary activity across the
entire session is analyzing simulated instructional strate-
gies. Student experiences are included in this discus-
sion, whereas the workshop leaders’ experiences are never
considered and faculty’s experiences are considered very
rarely. As in Session B, the time that workshop leader
spends focusing on the description and purpose of in-
structional strategies is greatly reduced relative to Ses-
sion A, and instead, the workshop leader focuses faculty
participants on concrete examples of instructional strate-
gies simulated in situ.
Coordinating codes: Looking at the timelines for Ses-
sion C (Figure 4) provides information about how these
activities are structured and coordinated. We can see
that the workshop leaders’ simulation of instructional
strategies happens in two discrete chunks with faculty
participants working individually, which suggests that
faculty may be watching a scenario being enacted as
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Figure 3. Timeline representations of the R-PDOT data for Session B, showing how the type (top) and focus (bottom)
of faculty’s engagement shifted during the session. The colors are consistent with those in Figures 1 and 2, where again,
brown indicates authoritative communicative approaches and teal indicates dialogic communicative approaches for the type of
engagement, and the focus-of-engagement colors indicate loose clusters.
opposed to participating in it as pseudo-students. In
contrast to Session B, faculty are made responsible for
the complex task of analyzing the simulated instruc-
tional strategies: all of the reflection and analysis occurs
within interactive, dialogic participant structures. We
also note that the final 10–15 minutes of Session C take
on a different structure and focus than the rest of the
session, namely, the workshop leader describing instruc-
tional strategies through lecture and answering faculty
questions.
Potential outcomes: The outcomes we might expect
from Session C are quite different from Sessions A and
B. Because we see faculty first being given agency to an-
alyze instruction with a small subset of their peers, and
then further developing and comparing the many ideas
that may have emerged in these small group discussions
with the workshop leader’s subtle guidance, we find it
highly plausible that this session could improve faculty’s
ability to reason about new pedagogical situations, no-
tice new aspects of their students’ thinking, and consider
a diversity of potential teaching choices. Faculty might
also become better able to initiate and engage in these
kinds of pedagogical discussions with other educators in
the future. On the other hand, Session C does not link
directly to faculty’s prior teaching experiences or project
into their future teaching. These factors combined with
the lack of a prescribed instructional model (as in Session
B) may make it difficult for faculty to identify concrete
next steps for improving their instruction based on this
session. The dialogic nature of this session may also chal-
lenge faculty’s expectations about the workshop session,
e.g., faculty who expect that they will be told how to
teach may perceive the session to be less valuable, and
result in lower evaluations compared to more prescriptive
sessions.111
VII. DISCUSSION
The information captured with the R-PDOT can be
used to consider the merits and limitations of sessions
taken individually, as demonstrated in the previous sec-
tion, and to consider workshop design more holistically.
For the two sessions we present as representative of many
others within the Physics and Astronomy New Faculty
Workshop (NFW) (Sessions A and B), we find that di-
alogic types of engagement are highly limited, and that
presenters rely heavily on lecture. In contrast, dialogic
types of engagement are highly prevalent in the one ses-
sion (Session C) that is anomalous within the NFW.
These three sessions also illustrate that although oppor-
tunities for faculty to consider the description and pur-
pose of instructional strategies occur regularly in NFW
sessions, opportunities for faculty to interactively experi-
ence concrete examples of practice are a central focus in
some sessions (like Sessions B and C) but highly limited
or non-existent in others (like Session A). We consider
lecturing about instructional strategies likely to be a suc-
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Figure 4. Timeline representations of the R-PDOT data for Session C.
cessful mechanism for raising faculty’s awareness of what
RBIS exist, which is highly consistent with prior research
on NFW outcomes6, and we consider these increases in
awareness to be beneficial to an extent. In particular, we
think that faculty who already possess extensive peda-
gogical knowledge or participate in faculty learning com-
munities could most easily take advantage of new re-
sources in ways that genuinely enhance their students’
learning and engagement. On the other hand, we find it
difficult to imagine how faculty who are less knowledge-
able or experienced with research-based teaching would
productively assess and enact new instructional strate-
gies based on sessions that do not allow them to interact
with these strategies in some way. Because of this, we
consider concrete, interactive examples to be a critical
component of PD workshops that can enable all faculty
to clearly envision changes to their instruction, and have
shown how we can identify these instances with the R-
PDOT.
The R-PDOT data can also reveal important aspects
of whether and how these concrete examples of practice,
when present, are explored and assessed within work-
shop sessions. Both Sessions B and C spend significant
time analyzing instructional strategies simulated in situ,
which likely indicates that these workshop leaders have
goals beyond just raising faculty’s awareness of RBIS. Of
the two sessions, only Session B models reflective teach-
ing, while only Session C extensively engages faculty in
evaluating teaching decisions for themselves. We find sig-
nificant value in workshop leaders modeling productive
reflection because they are likely adept at weaving edu-
cation research theory into their analysis and noticing key
events. But we argue that it is also important for faculty
to have some experiences generating and refining peda-
gogical ideas for themselves (i.e., as learners about teach-
ing) if we expect them to enact these dialogic/interactive
approaches within their own classrooms. Moreover, as
stated earlier, we do not consider the benefits of a balance
between authoritative and dialogic communicative ap-
proaches to apply exclusively to teaching science content,
and we consider guiding faculty to make well-reasoned
but autonomous decisions an important characteristic of
workshops that could contribute to faculty’s long-term
success. Our data suggests that workshop leader C’s ap-
proach may be rare within faculty PD workshops, and
we argue that this warrants further consideration from
workshop leaders in the future.
The lack of occurrence of focus-of-engagement codes
can also inform workshop design. While it would likely
be unproductive to attempt to enact all of the focus-of-
engagement codes in a single 1-hour session, individual
PD facilitators could generate potential modifications to
their own sessions based on codes that never occur, and
PD organizers could consider what new sessions would
best complement existing ones within a longer workshop.
For example, when looking across these three sessions,
we see that the “Planning for Faculty Participant Fu-
ture Teaching” and “Faculty Participants Simulating In-
structional Strategies” codes nevWith the R-PDOT, PD
leaders can gather concrete evidence to use as they dis-
cuss ways to continually improve their workshops, such
as ways to incorporate more design structures that could
prepare faculty to adapt instructional strategies for their
unique situations and motivate faculty to participate in
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long-term PD efforts.er occur, and the “Education Re-
search Theory and Results,” “Faculty Pre-Workshop Ex-
periences,” and “Analyzing and Creating Student Tasks”
codes occur rarely. These gaps primarily relate to activ-
ities that could help faculty to fit RBIS into their local
contexts, which is known to be a limitation of faculty
PD more broadly84. Encouragingly, sessions that tar-
get these activities have been added to the NFW while
we have been conducting this research, and other disci-
plinary faculty workshops enact them as well7. But it is
unclear to us how central these activities are or will be-
come for participants in each of these workshops, and how
different disciplinary workshops compare to each other.
With the R-PDOT, PD leaders can gather concrete evi-
dence to use as they discuss ways to continue to improve
their workshops to better prepare faculty to adapt to
their unique situations and participate in long-term PD
efforts.
Through our interviews with workshop leaders, we
have found preliminary evidence that R-PDOT data can
indeed support others’ engagement in the type of reflec-
tion and analysis that we have demonstrated here. For
example, we find that looking at R-PDOT data encour-
ages workshop leaders to think about and articulate po-
tential limitations of lecture. For example, while reflect-
ing on some example sessions from the NFW (similar to
Sessions A and B), one workshop leader states:
“I think the limitation [of lecture]–I think
there’s shared experiences, there’s experiences
that each person has in the classroom or in
the group that others can learn from. And
here we’re supposing that the person at the
front is the expert and knows that, and they
very well may be, but there are some ex-
periences that can probably add greatly to
the learning of everybody who’s participating.
And so if there’s not a lot of facilitation of
that engagement of the broader group then
you could miss out on those experiences. And
things sometimes organically grow, you know,
sometimes the conversation goes in a place
that you never thought it would go and it’s
an even better experience for everybody.”
We have also found that workshop leaders may gen-
erate and justify potential changes to their own sessions
based on codes they are not yet enacting. In reflecting
on their own session after reading through the R-PDOT
codes and seeing example data, one workshop leader re-
alized how to incorporate pedagogical ideas from their
physics instruction into their workshop session, stating:
“One of the things that I would do differently
that it would take the exact same amount
of time is what I actually do in my classes,
which is, for [a specific physics prompt], in-
stead of asking them individually [i.e., only
calling on individual participants], to have
them think about it for a minute and then
talk amongst themselves, because instead of
hearing from one person that there were two
ways of doing it, likely working together they
would be less afraid–just like our students–of
responding, and likely come up with two or
three [ways] and be less afraid to respond. I
can tell you from looking at the taxonomy just
as with when I’ve looked at [the] RTOP and
the COPUS, that you sit there and you go ‘Oh
if I–’ and it’s like ‘Oh it’s just a minor change
to make it more interactive or different.’ ”
VIII. CONCLUSIONS
As a community of researchers who want to help bring
about improvements in undergraduate STEM education,
we need to critically evaluate our own professional devel-
opment practices for faculty. Our observational tool, the
Real-time Professional Development Observation Tool
(R-PDOT), contributes to that goal by illuminating and
allowing others to document key PD practices currently
used within workshops aimed at improving faculty’s in-
struction. The R-PDOT can give a holistic sense of how
interactive and prescriptive workshops are by capturing
the ways in which faculty are engaged and what they are
focused on. Initial empirical results from the Physics and
Astronomy New Faculty Workshop suggest that faculty
PD can be lecture-heavy, non-interactive, and authorita-
tive, leaving little space for faculty to grapple with their
incoming ideas about teaching and learning or their in-
structional contexts. If we want workshops to contribute
to the pursuit of ambitious learning goals for faculty, be-
yond building initial awareness and interest, further shifts
in PD practices will be needed.
We intend our discussion of PD activities in this pa-
per to serve a broad audience. In exploring these PD
activities and ways of engaging faculty in thinking about
teaching and learning, we hope to expand our commu-
nity’s vision for what faculty PD could look like. In
addition to drawing attention to the interactivity and
prescriptiveness of workshop sessions, we encourage in-
creased attention to forward-looking activities (i.e., anal-
ysis of student tasks, analysis of pedagogical approaches,
and planning for future instruction), lending weight to
promising features of PD that are already being enacted
in some PD settings. For workshop leaders who choose to
take up the tool to document their own practices, the R-
PDOT output can generate critical, reflective discussions
surrounding aspects of PD that are likely to be conse-
quential for workshop outcomes, and thus meaningfully
inform workshop leaders’ future efforts. The R-PDOT
can also fuel future research and inspire us to ask new
questions about how we can best support faculty learn-
ing, such as “What does it look like for faculty to pro-
ductively engage in developing course content together?,”
“How do faculty PD workshops vary across disciplines, or
when workshop facilitators have different kinds of exper-
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tise?,” and “How do facilitators elicit and help faculty to
build from their own experiences?” For researchers, the
R-PDOT can provide baseline documentation that would
enable the full pursuit of such questions.
Methodologically, the R-PDOT could be used to sup-
port future research in a variety of ways. In quantita-
tive research, the R-PDOT could allow correlations to
be made between workshop outcomes captured by survey,
interview, or classroom observation data and workshop
design when used across multiple sessions or workshops,
thus furthering our understanding of how these design
decisions are consequential to faculty. For example, the
R-PDOT data highlights unanswered questions about the
importance of incorporating disciplinary content knowl-
edge into PD, which could be explored by searching for
correlations between the prevalence of this code and rel-
evant survey responses. In qualitative research, the R-
PDOT data can lead users to ask targeted questions
about the details of workshop design and implementa-
tion that are related to but not captured by these broad
codes, such as questions about workshop leader facilita-
tion moves or faculty interactions. These questions could
be pursued by using the R-PDOT to identify episodes for
detailed analysis, and coordinating with additional data
sources such as workshop video, field notes, or workshop
artifacts.
Taking a broader perspective, researchers could also
continue to pursue how and to what extent R-PDOT
data acts as formative feedback for workshop leaders
through additional interviews, discussions, and continued
documentation. Such research could strengthen efforts
to use observation tools as a catalyst for teacher reflec-
tion within PD and elsewhere, and help to unpack some
current orientations to faculty PD in ways that could
inform ongoing conversations about how members of the
discipline-based education research community can effec-
tively contribute to increasing the impact of research-
based teaching innovations.
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Appendix A: Extended R-PDOT codebook: Type-of-engagement
Code name Code description Example observed behaviors and actions
Workshop Leader Lecture Workshop leader lectures while
faculty participants listen.
-Workshop leader lecturing on a pre-determined topic.
-Workshop leader asking a rhetorical question.
Large Group Closed,
Faculty Participant Question
Large group closed discussion.
Faculty participant(s) question
the workshop leader, and (op-
tionally) the workshop leader
answers through lecturing,
while all other participants
listen.
-Faculty participants challenging the workshop leaders’
ideas.
-A workshop leader engaging in conversation with a ques-
tioner(s), with little or no participant-participant interac-
tion.
-A workshop leader addressing a participant’s question at
length, i.e., the workshop leader’s turns of talk are signif-
icantly longer than faculty participants’ turns of talk.
Large Group Closed,
Workshop Leader Question
Large group closed discussion.
Workshop leader asks non-
rhetorical closed questions, and
(optionally) one or more faculty
participants respond directly to
the workshop leader21.
-Faculty participants voting in response to a multiple-
choice question.
-Participants contributing in short phrases or full sen-
tences in response to a workshop leader’s question.
-Workshop leader and a few faculty participants taking
turns speaking, with the discourse focused on revealing
an answer the workshop leader is seeking.
-A workshop leader revoicing participant responses.
-A workshop leader intentionally making an implementa-
tion “error” and expecting participants to pause him/her.
-A workshop leader reading a question or prompt aloud.
Large Group Open Discuss Large group open discussion.
Workshop leader and faculty
participants take turns speak-
ing, with the discourse fo-
cused on the ideas of faculty
participants21.
-Faculty participants speaking in complete sentences and
contributing new ideas.
-A workshop leader asking open-ended questions and fa-
cilitating discussion between faculty participants.
-Workshop leader(s) participating in discussion in a non-
authoritative manner, e.g., sharing their own experiences
without privileging them over participants’ experiences.
Small Group Discuss Faculty participants discuss
with each other in small groups.
-Faculty discussing with their peers during Peer Instruc-
tion.
-Faculty collaborating on assigned tasks.
-Faculty discussing ideas about teaching and learning in
response to a prompt.
-A workshop leader giving brief instructions while most
faculty are still discussing with each other.
Faculty Participant Present One or more faculty partici-
pants present to all others.
-Faculty participants reporting out after working on a
task in small groups.
-Faculty participants reporting out after working inde-
pendently.
-Workshop leader facilitating presentations, e.g., call-
ing on the next group to speak or revoicing faculty’s
contributions.
Faculty Participant
Independent Work
Faculty participants work inde-
pendently on a task.
-Faculty participants silently reading a Peer Instruction
question.
-Faculty participants watching classroom video.
-Faculty participants writing independently in response
to a prompt or task.
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Appendix B: Extended R-PDOT codebook: Focus-of-engagement
Code name Code description Example observed behaviors and actions
Workshop Instructions Workshop leader instructs
participants about what they
should or will be doing during
the workshop (or partici-
pants attempt to clarify these
instructions).
-Workshop leader describing the intended purpose of the
workshop or workshop session.
-Workshop leader telling faculty how to act or what to
focus on during an upcoming workshop task.
-Faculty recounting or attempting to clarify the instruc-
tions for a workshop task.
Education Research Theory and
Results
Workshop leader and/or par-
ticipants emphasize discipline-
based education research pro-
cesses, principles, or findings.
-Describing student misconceptions identified in research.
-Showing evidence of improved student outcomes in ac-
tive learning environments.
-Discussing the implications of active learning for diverse
student populations.
-Describing or making sense of education research meth-
ods and results.
-Describing the characteristics or demographics of stu-
dents within a particular study.
-Describing or discussing research-motivated principles in
relation to teaching decisions.
Instructional Strategies (IS)
Description and Purpose
Workshop leader and/or par-
ticipants show or describe ac-
tive learning strategies ranging
from current faculty practices to
strongly research-based instruc-
tional strategies.
-Listing and describing research-based instructional
strategies.
-Providing instructions about where to find existing ma-
terials or questions.
-Showing the specific steps that comprise an active learn-
ing instructional strategy.
-Describing or discussing the purpose of any active learn-
ing instructional strategy or components within it.
-Describing or discussing the functionality associated with
research-based educational technologies (such as PhET
sims).
-Displaying and briefly discussing research-based ques-
tions or tasks.
-Describing or discussing possible outcomes of using a
particular research-based instructional strategy.
Workshop Leader (WL)
Simulating IS
Faculty participants experience
a workshop leader’s implemen-
tation of an instructional strat-
egy, either by acting as mock
students, or through observing
video, transcript, or case study
narrative.
-A workshop leader assuming the role of a science instruc-
tor to implement a research-based instructional strategy.
-A workshop leader assuming the role of a science instruc-
tor to demonstrate common faculty practices.
-A workshop leader showing classroom video.
-Faculty participants reading a detailed classroom case
study.
-Faculty participants working through a science task as
mock students.
Faculty Participant (FP)
Simulating IS (as educator)
A predetermined subset of
faculty participants (one or
more) try out implementing
an instructional strategy while
other participants act as mock
students.
-Individual faculty participants implementing a research-
based instructional strategy with others acting as stu-
dents.
-Teams of faculty participants implementing a research-
based instructional strategy with others acting as stu-
dents.
-Faculty participants rehearsing the implementation of a
research-based instructional strategy in small groups.
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Analyzing Simulated IS Workshop leader and/or partic-
ipants reflect on (analyze, cri-
tique, evaluate, justify) a shared
experience of someone simulat-
ing an instructional strategy in
situ.
-Analyzing how students responded to a given instructor
move or reasoned through a science task.
-Analyzing the behaviors and actions of an instructor ob-
served during the workshop session.
-Reflecting on the quality of faculty participants’ engage-
ment in the workshop.
-Predicting how students would respond to alternative in-
structor moves compared to those seen or experienced.
-Generating possible next steps an instructor could take
following a scenario experienced or considered in the
workshop.
-Analyzing a hypothetical situation that is closely related
to, and generated in relation to, an in situ implementa-
tion of an instructional strategy.
WL Pre-Workshop Experiences Workshop leader and/or par-
ticipants discuss a workshop
leader’s past experiences, in-
cluding instructional goals,
practices, values, and local
contexts.
-A workshop leader describing their involvement in
discipline-based education research and prior studies they
have done, using first-person narrative.
-A workshop leader describing their teaching practices.
-Participants eliciting a workshop leader’s past experi-
ences, such as the details of how they teach and the char-
acteristics of their students.
FP Pre-Workshop Experiences Workshop leader and/or partic-
ipants reflect on participants’
past experiences, including in-
structional goals, practices, val-
ues, and local contexts.
-Faculty participants describing specific teaching strate-
gies they have implemented in their classrooms.
-A workshop leader eliciting or stating assumptions about
faculty participants’ prior teaching and learning experi-
ences.
-Faculty participants describing their local teaching re-
sources or constraints.
Student Experiences Workshop leader and/or partic-
ipants consider students’ knowl-
edge, skills, or affect.
-Hypothesizing about or describing known student expla-
nations of science ideas.
-Analyzing real student discourse or student work.
-Describing student resistance or buy-in to different in-
structional approaches and discussing possible causes.
-Discussing students’ disciplinary knowledge and skills,
and considering implications for instruction.
-Describing student demographics or characteristics
Disciplinary Content
Knowledge
Workshop leader and/or par-
ticipants consider disciplinary
ideas.
-Faculty participants engaging in disciplinary tasks using
skills and knowledge that students would likely use.
-Faculty participants making sense of a task using a broad
range of skills and knowledge (potentially including ad-
vanced disciplinary ideas).
-A workshop leader lecturing or asking questions that
require knowledge from the participants’ own discipline,
e.g., as part of simulating a research-based instructional
strategy.
Analyzing and/or Creating
Student Tasks
Participants create, modify, or
evaluate and/or workshop lead-
ers critique or evaluate specific
materials, questions, or tasks
for students.
-Writing new questions during the workshop.
-Critiquing existing questions or tasks.
-Highlighting effective aspects of existing specific
research-based materials, questions, or tasks.
-Classifying questions using Bloom’s taxonomy.
-Exploring the pedagogical affordances or constraints of
a specific instructional strategy simulation.
Planning for FP
Future Teaching
Workshop leader advises and/or
faculty participants plan next
steps for when participants go
back to their home institutions.
-Discussing possible ways to adapt research-based instruc-
tional strategies to fit participants’ local contexts.
-Advising faculty participants about how to approach the
process of changing their teaching.
-Faculty participants identifying questions or tasks that
are particularly relevant for their own instructional goals.
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